Across landscapes, prey are exposed to different levels of predation risk within different habitats. However, little is known about how prey learn about risk in different habitat types. Here, we examined if wood frog tadpoles, Lithobates sylvatica, use olfactory cues from 2 distinct, plant-dominated habitats (cattail and pond weed) to learn about the overall risk within a habitat and the risk posed by a specific predator species within different habitats. In our first experiment, tadpoles experienced both a high-risk and a low-risk habitat before being tested for habitat-specific neophobic responses, a cognitive trait expressed in high-risk but not low-risk environments. In the second experiment, we taught tadpoles to recognize a predator in one habitat while the other one was never associated with a predator. Tadpoles were then tested for their responses to the predator and a control in both habitats. Our results showed that high-risk cattail tadpoles developed habitat-specific neophobia. However, high-risk pond weed tadpoles developed a generalized neophobia, responding to the novel cues irrespective of the habitat where they were tested. We also found that the habitat in which prey learned the identity of a specific predator did not affect their responses to that predator when tested in different habitats. Our results provide support for the use of olfactory habitat cues by prey to learn about predation risk across landscapes, suggesting unrecognized nuances to how prey use such cues to learn about predation risk.
INTRODUCTION
Predation is a major ecological process that shapes communities. Beyond consuming prey, predators can affect prey by changing their behavior, morphology, and life-history (Werner and Peacor 2003; Preisser et al. 2005) . For instance, in the presence of predators, prey can invest in morphological changes that increase escape speed (e.g., tail depth [Dayton et al. 2005] ) or become harder to consume (e.g., body size, amour thickness and spines (Tollrian 1993; Laforsch et al. 2004) ). Some prey species may alter the timing of transitions between developmental stages to avoid predators, while others change the timing of their sexual maturity and reproduction (Abrams and Rowe 1996; Laurila et al. 1998) . The trade-off between avoiding predators and investing in other activities such as foraging, growth, and reproductive output that enhance fitness means that, in many cases, prey must adjust their time and energetic investment in antipredator responses to match the level of threat they experience (Brown et al. 1999; Lima and Bednekoff 1999; Beauchamp and Ruxton 2011) . However, as predation risk varies with both time and space, prey should adjust their antipredator responses to match the level of risk experienced in a given ecological context, such as specific habitats (Lima and Bednekoff 1999; Laundré et al. 2010) .
Across landscapes, predation risk varies due to the distribution and foraging efficiency of predators in different habitats. Furthermore, the structural complexity of the habitat can constrain the ability of prey to detect predators, the availability/proximity of shelter from predators or the optimal escape tactics of prey (Denno et al. 2005; Rilov et al. 2007 ). In response to this variation in risk, prey can either become evasive, moving to avoid predators, or modify their antipredator responses (e.g., vigilance) to reduce the chances of capture (Werner et al. 1983; Huntingford and Wright 1989; Bland and Temple 1990; Laundré et al. 2010; Martin et al. 2010; Schmitz and Trussell 2016) . For prey to optimize their behavioral response to risk across landscapes, they must have knowledge of the risk levels associated with each different habitat. While prey can assess the baseline level of risk by assessing characteristics such as field of view or availability of shelter, ultimately, prey have imperfect knowledge of risk and thus can benefit from learning about the spatial variation in risk posed by predators (Dall 2010; Laundré et al. 2010) . This is especially true given that predator hunting performance is not consistent across habitats (Preisser et al. 2007; Orrock et al. 2013) ; for example, ambush predators are generally more effective in complex habitats while pursuit predators perform better in open habitats (Preisser et al. 2007 ). Hence, prey should learn about the overall risk as well as the danger associated with specific predators in a specific habitat.
Prey are remarkably efficient at learning about predation threats, learning associated visual and olfactory cues and the intensity of risk after a single encounter (Engstrom-Ost and Lehtiniemi 2004; Ferrari et al. 2010) . Prey are also able to learn to avoid locations where they have previously encountered known predators (Huntingford and Wright 1989; Mathis and Unger 2012) . However, there is still little information regarding how prey learn about predation risk across different contexts and what cues they might use to do so. When prey learn about predators, they do so in an information-rich environment where they are surrounded by cues, which may provide information on the time of day or local environment (Skow and Jakob 2005) . By incorporating environmental information into their assessment of predation risk, prey should be able to learn spatial and temporal patterns of risk in their environment and regarding their predators. Few studies have looked at how the context of encounters with predators or other risk-associated stimuli can influence how prey learn their predators, and those that have explored the role context plays in learning about risk provide conflicting results. Previous studies have shown that prey can adjust their antipredator response to match temporal variation in risk posed by a predator (Ferrari et al. 2009; Bosiger et al. 2012) . In contrast, wild prey still respond to predator cues under laboratory settings, suggesting that prey may not associate habitat contexts with the identity of learned predators (Griffin 2004) .
In this study, we examined if the olfactory cues from different habitats influence how prey learn about specific predators and whether prey use these olfactory cues to learn about the overall risk of habitats in general. Prey exposed to high levels of predation risk develop what is considered a "high-risk" phenotype ) that involves behavioral, cognitive and physiological changes such as increased lateralization, increased retention of responses to learned predator cues, faster metabolic recovery following stress, altered morphology and the development of neophobic responses (the "fear" of novel stimuli) (Brown and Braithwaite 2005; Brown et al. 2013; Ferrari et al. 2015; Mitchell et al. 2016; . Furthermore, this high-risk phenotype can be rapidly induced over a matter of days (Brown et al. 2013; Brown et al. 2015; Ferrari et al. 2015; Mitchell et al. 2016) , suggesting its expression is context dependent. While these traits enhance prey survival in high-risk environments, they are costly (e.g., reduced competitive ability and spatial learning) and reduce fitness in low-risk habitats (Brown and Braithwaite 2005; Chivers et al. 2017) . As these traits are responsive to temporal variation in risk, we might expect that they should also be induced as prey move from habitats of low risk to high risk, particularly the more plastic cognitive traits such as neophobia.
Using wood frog tadpoles, Lithobates sylvatica, we explored how risk experienced in different habitats shapes the antipredator response of prey. Wood frogs have a broad distribution across North America, breed in a range of habitats (Baldwin et al. 2006) , and are exposed to a range of predators with different foraging strategies including sit and wait, sit and pursue and active pursuit predators that likely differ in their predation success in various habitats (Chivers and Mirza 2001; Relyea 2001) . Hence, their response to each predator should be habitat-specific and their expression of antipredator phenotypes dependent on the overall risk encountered within each habitat (e.g., hunting efficiency and density of predators). Tadpoles have also been shown to develop neophobia following periods of high predation risk . To test if tadpoles use olfactory cues from habitats to develop habitat-specific antipredator responses, we conditioned tadpoles over a period of days to odor from a high-risk habitat and a low-risk habitat (experiment 1), or we taught tadpoles to recognize a predator in one habitat while allowing them to experience the other habitat as low-risk (experiment 2). In the presence of one of the 2 habitat odors, we then tested tadpole responses to a novel odor or a control (experiment 1), or to the learned predator odor or a novel odor control (experiment 2). We predicted that prey experiencing high-risk habitat odor will exhibit habitat-specific neophobia to a novel odor, whereas prey will not elicit a response to the same novel odor when tested in a low-risk habitat odor. We also predicted that tadpoles will associate predators with specific habitat odors and thus show a more pronounced antipredator response to the predator odor when tested in the same habitat odor where the predator cue was first encountered. We did not expect that the context in which prey learn about a predator would completely inhibit predator recognition in a different habitat, as the cost of failed recognition of a known predator is high.
METHODS

Collection and maintenance
We collected 4 wood frog egg clutches (~200-400 eggs per clutch) from small ephemeral ponds around Saskatoon, Canada and transported then to the RJF Smith Centre for Aquatic Ecology at the University of Saskatchewan (Saskatoon, SK). Each clutch was placed in individual outdoor 67-L pools filled with 60 L of aged dechlorinated tap water and maintained under natural light and temperature conditions. The eggs were left until they hatched, at which point the tadpoles were split between six 67-L pools to reduce tadpole density, and algal discs (Wardley) were added to provide food. Tadpoles were given 3 weeks to develop before the experiment began (Gosner stage 25).
Cue production
To induce high-risk environments, we used repeated exposures of injured tadpole alarm cues, prepared directly before their use in conditioning. Tadpoles were euthanized by a concussive blow to the head using a pestle, which killed the tadpoles instantly, and were then ground up using a pestle and mortar. Twenty milliliters of dechlorinated water were then added to the crushed tadpoles and the solution was filtered to produce our alarm cue stock.
For novel odors and conditioned predator odors, we used lake sturgeon, Acipenser fulvescens, and rainbow trout, Oncorhynchus mykiss, which were housed in the RJF Smith Centre for Aquatic Ecology in groups of 4-8. Wood frog tadpoles do not innately recognize rainbow trout (an introduced predator) as a predator , and neither rainbow trout or lake sturgeon are found at our collection sites, precluding the potential for embryonic learning. To produce the trout and sturgeon odor, water was collected directly from the housing tanks prior to each conditioning or testing period. Sturgeon cues were diluted by a factor of 12 to standardize cue concentrations to relative body size and number of fish.
To produce the habitat cues, we collected dead cattails, Typha latifolia, and a mixture of floating pond weed (including duckweed, Lemna sp., coontail, Ceratophyllum demersum, and water milfoil, Myriophyllum sp.) from Pike Lake, Saskatchewan. The 2 plant groups were selected to represent the odor profiles of 2 common habitats found around the local area but were not present at the site where the egg clutches were collected. This controlled for the fact that tadpoles can learn about risk during embryonic development (Mathis et al. 2008) . The pond weed and cattails were then added to two 190-L pools filled with 150 L of aged dechlorinated water. These pools provided the stock habitat water for the conditioning tanks and testing arenas. Approximately half of the water was used each day and the pools were refilled at the end of the testing days.
Experiment 1: Test of habitat-specific neophobia
The aim of this experiment was to test if tadpoles use olfactory cues of habitats to learn about risk and develop habitat-specific neophobia. Tadpoles from all clutches were randomly added to 5 L glass conditioning tanks containing 3 L of either cattail odor or pond weed odor (24 tanks, 12 of each habitat odor and 20 tadpoles per tank). Each conditioning tank had a small amount of food and a small basket made of black plastic mesh that excluded tadpoles and was filled with plant material matching the stock habitat water. This ensured that habitat odors were constantly present during the conditioning period. The following day (day 1), tadpoles from 12 tanks (6 pond weed water and 6 cattail water) received 20 mL of alarm cues ("high-risk") at 3 random times during the day (minimum of 1.5 h between exposures). The other 12 tanks received 20 mL dechlorinated water ("low-risk"). Odors were added slowly using a 60-mL syringe. At the end of the day, tadpoles were moved into a clean tank containing matching, fresh habitat odor water. The following day (day 2), tadpoles received the same conditioning cues as the day before; however, at the end of the day tadpoles were moved to tanks containing the opposite habitat odor. On days 3 and 4, tadpoles were conditioned with the alternate risk level cue to the one they received on days 1 and 2. This cycle of 2 days of high-risk and 2 days low-risk was repeated for a second cycle, meaning tadpoles were conditioned for a total of 8 days, with 4 days in a highrisk habitat and 4 days in a low-risk habitat. This exposure regime represented a fully balanced experimental design, with 12 tanks of tadpoles conditioned to recognize the cattail habitat as risky and the 12 tanks of tadpoles conditioned to recognize the pond weed habitat as risky. This design also controlled for any potential order effects associated with the onset of risk.
The day after the conditioning phase ended, tadpoles were tested for their response to a novel odor or a control. Tadpoles from all conditioning regimes were transferred into 0.5 L circular testing arenas containing either cattail water or pond weed water. The tadpoles were left to acclimate for at least 1 h before testing. The testing period consisted of a 4-min behavioral observation, where the number of times tadpoles crossed the medial line of the arena was counted. Following the initial observation period, 5 mL of trout odor (novel odor) or dechlorinated water (control) was slowly injected down the side of the arena using a syringe, and tadpole activity was observed for another 4 min. The number of times tadpoles cross the median line provides one measure of locomotive activity levels. Changes (reductions) in activity from pre-to postcue exposure is a well-established assay for measuring the tadpole antipredator response, and hence tadpoles that reduced activity when exposed to a novel odor were considered to be neophobic (Gonzalo et al. 2010; Chivers et al. 2016; Mitchell et al. 2016 ).
Tadpoles were additionally tested in dechlorinated water for their responses to pond weed odor, cattail odor, the novel odor or the water control. This allowed us to determine if tadpoles had learned to associate predation risk with the habitat odors and if the neophobic response was elicited in a novel habitat (dechlorinated water). A total of 221 tadpoles were tested (n = 25-30 per treatment).
Experiment 2: Test of habitat specific predator recognition
The aim of this experiment was to test whether the habitat in which prey learn to recognize a predator influences how tadpoles respond to the predator during future encounters. The experiment followed a similar design to that of experiment 1. Tadpoles from all clutches were randomly added to 5-L glass tanks containing either pond weed water or cattail water and a basket of the corresponding plant material, as described above. The following day (day 1) tadpoles in 12 tanks (6 cattail and 6 pond weed) were conditioned to recognize trout odor as a predator by adding 20 mL of tadpole alarm cues (containing 3 tadpoles) paired with 10 mL of trout odor. In the remaining 12 tanks, we added 20 mL of dechlorinated water as a control. At the end of the day tadpoles were moved to new tanks containing food and the opposite habitat odor. Alternating the habitats daily allowed tadpoles to gain experience with both the predator-associated habitat and the non-predator habitat. On day 2, tadpoles received the opposite conditioning treatment to the one they received the day before, i.e., tadpoles conditioned to recognize trout on day 1 received the water control, and tadpoles conditioned with water on day 1 were conditioned with the trout odor and alarm cue. Again, at the end of the day, tadpoles were moved to a new tank containing the alternative habitat odors. This process was repeated for the next 4 days (6 days total conditioning period) so that tadpoles experienced 3 days in each habitat and were conditioned to recognize trout in one habitat 3 times.
The testing phase started the following day and followed the same procedure as experiment 1, except using different odors as test cues. Tadpoles were placed in arenas containing water from either habitat and then tested with the addition of either trout odor (learned predator) or sturgeon odor (novel odor control). Sturgeon odor acted as a control for both the mechanical disturbance caused by introducing the stimuli and the addition of a chemical odor. A total of 221 tadpoles were tested (n = 24-36 per treatment).
Ethical statement
Experimental methods followed ASAB and UCACS guidelines for the ethical treatment of animals (UCACS protocol 2015031). Throughout the early developmental period, water was changed daily (50%), and excess food was removed to ensure water parameters were optimal. During the experiment tadpoles were captured using small hand nets and moved between tanks using water filled containers. To produce the alarm cues tadpoles were euthanized according to amphibian guidelines using standard physical methods . Chemical anesthesia could not be used as a method for euthanasia as it may interfere with the chemical alarm cues and the behavior of the tadpoles. There was no tadpole mortality during the collection, hatching and experimental periods. However, there was some minimal mortality (<3%) due to natural causes during early tadpole development prior to the onset of the experiment. At the end of the experiment, all tadpoles were returned to the ponds where they were collected. Fish odors were collected from species already housed in the RJF Smith Centre. Lake sturgeon and rainbow trout were held in 2500-L and 950-L tanks respectively and supplied with dechlorinated water on a flow-through system. Fish were fed daily to satiation, with excess food removed. No trout or sturgeon was handled during the experiment, and there was no mortality. Following the end of the experiment, all fish remained in the aquatics facility to be used in future experiments.
Statistical analysis
For both experiments, we calculated the proportional change in line crosses from the prestimulus baseline ([post ˗ pre]/pre) and used these values as our response variable for the analyses. All data met the assumptions for homogeneity of variance and normality. Data analysis was conducted using the statistical software package IBM SPSS statistics (IBM). For all experiments, we used nested analysis of variance (ANOVA) designs with Type I sum of squares where the conditioning tank was included as a random factor (nested under treatment) to account for the fact that tadpoles were conditioned in batches and therefore not independent. For experiment 1, we first tested differences in prestimulus activity among treatment groups. We used a 3-way ANOVA to test the effects of high-risk conditioning habitat (either cattails versus pond weed conditioned as high-risk), test habitat (cattails vs. pond weed as habitat odor present during testing), and test odor (novel odor vs. dechlorinated water added to the testing arena after pre-exposure observations) on tadpole line crosses. To interpret significant interactions among factors, we split the data by conditioning habitat and performed post-hoc 2-way nested ANOVAs for high-risk-associated cattail and pond weed habitats, followed by independent sample t-tests to identify differences between testing odors in each testing habitat. We used a Bonferroni correction on the post-hoc t-tests to account for multiple tests being run on the same data (adjusted α = 0.0125). To determine whether tadpoles responded to habitat cues, we used a 2-way nested ANOVA to test the effects of conditioning habitat (cattails vs. pond weed) and test odor (cattail vs. pond weed vs. novel odor vs. water) on the proportional change in line crosses.
For experiment 2, we used 3-way nested ANOVAs to test the effects of predator-learning habitat (pond weed vs. cattail), testing habitat (pond weed vs. cattail), and test odors (trout vs. sturgeon) on both the prestimulus baseline activity and the proportional change in lines crossed data (2 separate analyses).
RESULTS
Experiment 1: Test for habitat specific neophobia
Tadpoles did not differ in the number of line crosses during prestimulus observations (high-risk conditioning habitat, all terms P > 0.05).
For the change in lines crossed due to the testing odor, the 3-way ANOVA revealed a significant interaction between conditioning habitat, test habitat, and test odor (P = 0.049; Table 1, a; Figure 1 ). For tadpoles exposed to high predation risk in the presence of pond weed odor, there was a significant effect of test odor (P < 0.005; Table 1, b; Figure 1a ) but no effect of test habitat, test habitat × test odor interaction (both P > 0.05) or conditioning tank (P = 0.06). In other words, tadpoles that had experienced high-risk pond weed habitat significantly reduced the number of line crosses when exposed to the novel odor relative to the water control, demonstrating a neophobic response. However, this response was not habitat-specific during testing, as tadpoles tested in both habitat types responded similarly (Figure 1a) .
When tadpoles experienced high risk in the cattail habitat odor, there was a significant interaction between test habitat and test odor (P = 0.007; Table 1, c; Figure 1b) . Tadpoles that had experienced high-risk in the cattail habitat and were tested in cattail odor water reduced the number of line crosses when exposed to the novel odor versus water (t 53 = 3.63, P = 0.001; adjusted α = 0.0125). However, when tested in pond weed habitat odor, this same group of tadpoles did not respond to the novel odor relative to the water control (t 52 = −0.042, P = 0.97; adjusted α = 0.0125). There was no difference in the response of high-risk cattail habitat tadpoles to the water control when tested in cattail versus pond weed (t 51 = −1.96, P = 0.055: adjusted α = 0.0125). Tadpoles showed a stronger but nonsignificant response to the novel odor when tested in the cattail habitat odor than in the pond weed odor (t 54 = 2.03, P = 0.048; adjusted α = 0.0125). Together, these results demonstrate that tadpoles developed habitat-specific neophobia after experiencing high risk in the cattail habitat. When tadpoles were tested in control water for their response to habitat odors and the novel odor, we found that there was no effect of conditioning habitat (F 1, 21.07 = 0.29, P = 0.60), test odor (F 3, 220.64 = 0.91, p = 0.44), or interaction between the two (F 3, 2221.09 = 0.77, P = 0.51) (Figure 2) . Additionally, there was no effect of conditioning tank (F 22, 203 = 1.41, P = 0.11).
Experiment 2: Test for habitat specific predator learning
There was no difference in tadpole line crosses during the prestimulus observations (high-risk conditioning habitat, all terms P > 0.05).
The change in line crosses made by tadpoles was significantly affected by the test odor (F 1, 207.3 = 20.39, P < 0.001; Figure 3) . Across all groups, tadpoles reduced line crosses when exposed to the predator odor (~30-40% reduction) versus the novel odor (<15% reduction in activity). There was no effect of conditioning habitat, testing habitat or any interactions among factors (all P > 0.05). There was an effect of conditioning tank (F 22, 191 = 1.73, P = 0.015). The significant effect of odor indicates that the tadpoles recognized the trout as a predator but the absence of an interaction among the 3 factors indicates that the tadpoles did not learn to perceive the predator as more dangerous in a specific habitat.
DISCUSSION
Many studies have investigated how prey alter their behavior under predation risk as it varies across landscapes, yet little is known about how prey learn habitat-specific risk or which cues prey use to learn about predators across contexts. Our results demonstrate that prey use olfactory cues from habitats to learn about changes in predation risk between habitats. In experiment 1, tadpoles that experienced high risk in the cattail habitat water and were subsequently tested in the cattail water reduced activity in response to a novel odor (neophobic response), but these tadpoles did not respond to the novel odor when tested in the pond weed water. Tadpoles also showed no behavioral response to the novel odor when tested in the control water, irrespective of the habitat in which tadpoles experienced risk. Thus, the onset of neophobia was unique to the habitat where tadpoles experienced high risk. Neophobic responses have been shown to increase survival ) and are Test for habitat-specific neophobia (experiment 1). Mean (± 1 SE) proportional change in line crosses for tadpoles exposed to either a novel odor (gray) or control water (white) when tested in water from either pond weed habitat or cattail habitat. Tadpoles were initially conditioned to learn the odor of pond weed odor (top panel) or cattail habitat (bottom panel) as a high-risk habitat and the alternative habitat as low-risk. 
Figure 2
Learned responses to habitat odors (experiment 1). Mean (± 1 SE) proportional change in line crosses for tadpoles exposed to either pond weed water, cattail water, novel odor or control water when tested in control water. Tadpoles were initially conditioned to learn the odor of pond weed odor (top panel) or cattail habitat (bottom panel) as a high-risk habitat and the alternative habitat as low-risk.
one of several antipredator traits that is expressed when prey experience periods of high predation risk . The rapid onset of neophobia in tadpoles entering high-risk habitats should enhance survival while they adjust to their new surroundings. However, such traits are maladaptive in low-risk environments , hence the lack of neophobic responses in the low-risk pond weed habitat or control water. The results presented here demonstrate that tadpoles can use olfactory cues from habitats to transition between these high-risk and low-risk antipredator phenotypes and optimize their performance in response to variable risk at landscape scales.
While there was clear evidence for habitat-specific neophobia, antipredator responses were not consistent across the background habitat treatments. Tadpoles that had experienced high risk in the pond weed habitat displayed a neophobic response to the novel odor when tested in both pond weed and cattail water, perceiving the cattail habitat as high risk despite the fact they did not experience high risk in that habitat. However, there were no neophobic responses when tadpoles were tested in control water, indicating that the neophobic responses were limited to the habitats experienced during conditioning. These apparently conflicting results may be in part explained by how prey develop antipredator responses to different cues. It is possible that tadpoles innately recognized the cattail habitat as risky. Consequently, tadpoles would display neophobic responses without having to experience risk in the cattail habitat. Studies have shown that animals can innately recognize cues from specific habitats, e.g., both sea lamprey, Petromyzon marinus, and anemonefish, Amphiprion percula, show innate recognition of olfactory cues from preferred settlement habitats (Vrieze et al. 2010; Dixson et al. 2014) . For tadpoles to possess innate recognition of cattail habitat odors as risky, exposure to consistently high predation risk in cattail habitats over multiple generations is likely required. Given the diversity and distribution of predators that consume tadpoles across different habitats, we suggest that such an innate response is unlikely to have developed for cattail habitats and not pond weed habitats.
Alternatively, tadpoles may have generalized recognition of risk from the pond weed cues to the cattail cues but in that direction only. Generalized recognition occurs when a stimulus has enough similarity to a conditioned odor that it elicits a similar response to that of the conditioned stimulus (Ghirlanda and Enquist 2003; Shettleworth 2010) . Unidirectional generalization may have occurred if a chemical was a common component of the pond weed odor but was present only as a minor component of the cattail odor. Tadpoles would then generalize high-risk from the pond weed to the cattail habitat but generalization would not go in the opposite direction. Finally, the conflicting results may have been due to variation in chemical stability of habitat cues during the experiment. As the cattail plants were dead, the suite of chemical compounds released may have change over time as the plants decayed. Previous studies have shown that variation in the stimuli being learned can slow or inhibit the learning process (Craig 1994a; Craig 1994b) . For example, stingless bees, Trigona fuscipennis, can learn to avoid webs spun by orb spinner, Argiope argentata, but the learning process is delayed due to A. argentata using different silk patterns to decorate its web each day. Additionally, learning about safe stimuli requires a greater number of conditioning events than learning about risky stimuli (Ferrari and Chivers 2011) , and is highly context sensitive (Lubow 1989) . A combination of the variation in the odor complex being learned and the information being encoded (safety of the habitat) may have prevented tadpoles from learning the difference in risk levels between the 2 habitats and resulted in learning risk across both habitats. Variation in cattail cues would not have prevented tadpoles from learning the cattail habitat as risky, as only one conditioning event is sufficient to cause associative learning of an odor as risky.
In experiment 2, we found that habitat had no effect on how prey learned about predator odors. Irrespective of the habitat in which prey were conditioned to recognize the predator, prey responded to predator cues with similar reductions in activity when tested in either habitat odor. The fact that wild caught animals still respond to predator cues in captive settings also suggests that context does not influence learned predator recognition (Griffin 2004) . Ecologically, such responses are appropriate, as prey should generally adopt a cautionary approach and overestimate risk (Bouskila and Blumstein 1992) . Hence, when tadpoles encounter a known predator in a safe environment, tadpoles should respond to 
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Figure 3
Test for habitat specific predator learning (experiment 2). Mean (± 1 SE) proportional change in line crosses for tadpoles exposed to either the predator odor (gray) or the novel odor (white) when tested in water from either pond weed habitat or cattail habitat. Tadpoles were initially conditioned to learn the predator odor as a threat in either pond weed odor (top panel) or cattail habitat (bottom panel) and experienced only control water (low risk) in the alternative habitat. the predator as in previous encounters in other habitats. Despite this, it should be noted that the lack of variation in response to predator cues across habitats does not mean prey do not incorporate information from habitats when learning about predator specific risk, simply that the optimal response in our experiment was to respond with an equal intensity across both habitats. Future research should assess conflicting information about a predator across habitats, as has been done for prey learning temporal patterns of risk (Ferrari et al. 2009; Bosiger et al. 2012) .
Despite the potential costs, learning about risk provides an adaptive strategy for prey to modify their antipredator responses to their current environment. While studies have shown how prey respond to changes in risk through time, few have looked at how prey learn about risk across different contexts. As demonstrated in this study olfactory cues from habitats provide information that allows prey to learn about risk in different habitats. Yet our results also show that there are nuances to how prey use olfactory cues from different habitats which require further investigation. It might be that prey may need additional information from other sensory systems to resolve such issues. To understand how prey respond to variable risk between habitats, additional work exploring how prey use ancillary cues from their environment to inform antipredator responses is required. Such studies will also provide insights into how human altered environments might impact predator-prey interactions. The potential value of such studies is highlighted by recent findings from coral reefs, where changes in the chemical milieu of habitats following a disturbance event appears to impair the ability of fish to detect chemical alarm cues McCormick et al. 2017) . 
